INTRODUCTION
The development of the power electrical systems is accompanied by the permanent increase of a fault current. The increase of the fault current levels leads to increased adverse effects on the electric power equipment. With the increase of the fault currents • the dynamic influence of current on equipment is increased; • the thermal influence increases;
• the current-interrupting capability of the circuit breaker may be exceeded. Other adverse affects of fault conditions are the disturbance of the parallel operation of generators and electric machines. Increase in fault current levels leads to the necessity to build new transformers, generators, buses, circuit breakers with parameters, which are calculated by taking into account the adverse influences of fault currents. This results in a dramatic increase of size, weight, and cost of the equipment. Traditional methods of fault current limitation lead to the increase of the cost of power devices; the decrease of the reliability of electric power supply of consumers, decrease of the dynamic stability of power systems, etc. A much more attractive method is the application of high-speed operation current limiting devices having non-linear characteristics. One prospective candidate is the superconducting fault current limiter (FCL) [1] . Superconductors have the unique feature of zero resistance below the so-called critical temperature, which is a material specific parameter. Low temperature superconductors (LTS) are normally cooled by liquid helium at ≈4 K. High temperature superconductors (HTS) are ceramic materials. Practical HTS's have critical temperatures up to ≈110 K, thus they can be cooled by liquid nitrogen at the temperatures 77 K and under. The other important material specific parameter, which initiates a superconducting-normal state transition of the superconductors (both LTS and HTS) is the critical current. Once the current in the superconductor exceeds the critical value, the transition takes place very rapidly (almost momentarily) in time. This special feature can be effectively used to limit fault currents. In this paper the application of HTS materials (rings, hollow cylinders) in FCL's is described. For current limitation two FCL types are known: the resistive and the inductive types. The resistive type is a superconducting element connected in series with the network. When the current is normal, the superconductor is in the superconducting state without resistance. If the current increases over the critical current, the superconductor goes into its normal state and it has a high resistance connected in series with the network. This resistance will limit the current. The inductive type is a special transformer connected in series with the network. This transformer has a conventional primary coil, and a rather special secondary "coil": a superconductor ring. When the current is normal, the superconductor ring gives a deexcitation. Thus in this operational mode the FCL exhibits a low impedance (approximately the leakage reactance). When the current increases over the critical current, the superconductor ring goes into normal state. In this case the FCL represents a high impedance (approximately the main field reactance) [1] [2] [3] . The authors have developed an experimental inductive type HTS FCL. In this paper the design, construction and tests (including duration tests) of the mentioned FCL are presented. The aim of the investigations has been to specify the design algorithm for the development of an industrial device [2] [3] [4] .
STEADY STATE OPERATION OF THE HTS FCL

The experimental HTS FCL
The design layout of the HTS FCL is shown in Fig.1 .
Our transformer type HTS FCL has two primary windings: the first one is placed below, the second is placed concentrically around an HTS ring. The HTS ring acts in normal operation as the short-circuited secondary winding. Both windings can be operated with several turn ratios to fit the FCL to networks with different parameters. For the secondary "winding" we have used yttrium based melt textured HTS ring. The three phase 12 kVA synchronous generator machine group protected by the HTS FCL is shown in Fig. 2 .
Basic FCL parameters
In normal operation mode the impedance of the transformer type FCL is the short circuit impedance, while in steady state current limiting operation mode the impedance is the open circuit impedance. In normal operation the impedance of the FCL is much less, while in current limiting mode the impedance is higher than the impedance of the network. The FCL can be characterized by the impedance ratio of the two operation modes. The parameters and the measured impedances are shown in Tables 1. and 2 . 
Parameters of the HTS ring
Hysteresis of the FCL
First the steady-state parameters of the FCL had to be measured. The current, the power and the voltage drop on the FCL were measured according to the scheme shown in Fig. 3 . The current-voltage function of the HTS ring has a hysteresis loop determined indirectly by the measurement of the primary voltage and current (V-I curve, see Fig. 4a.) . The input impedance of the HTS FCL is shown in Fig. 4b . First the primary current was increased up to 4 A (normal mode, 0-B branch). This branch of the V-I curve (Fig. 4.a) is linear: the HTS is in the superconducting state and the FCL is in the normal operation mode. At higher currents the HTS goes sharply into its normal state, the FCL is activated and current limitation takes place (limitation mode, E-C-D branch). By lowering current below 1 A, the HTS returns into its superconducting state (recovery, D-A-0 branch). In Fig. 4 . the effective values of the current and voltage are indicated. In Fig. 4 . the characteristics of the FCL without the HTS ring is also shown (upper curve: "no-load"). The difference between "no-load" and "limitation mode" curves are very small (a few percent). This small difference can be explained by the assumption that in the limitation mode (when the HTS ring is in the normal state), the current in the HTS ring is very small: the resistance of the HTS ring in the normal state is much higher than the main field reactance of the FCL. The static characteristics of the FCL consists of 4 cases (see Fig. 4 .) explained as follows: 1. This case is when the normal mode current is below the recovery value and the fault current is much higher than the activation value. This branch is indicated by the O-A-B-C-E curve: the HTS goes into the normal state. After the fault HTS goes back to the superconducting state along the curve indicated by E-C-D-A-O. (between the points A and B) and fault current is above the activation value. This branch is indicated by the curve A-B-C-E: the HTS goes into the normal state. After the fault, the HTS remains in the normal state, and the does not go to the superconducting state, the return branch is indicated by the curve E-C-D. Fault current limitation takes place on the upper part of hysteresis curve. 4. This case is when both the normal mode and the fault currents are in between the recovery and the activation values. This case is similar to case 2.
In Figs. 5. and 6. the voltage drop on the FCL and the current vs. time are plotted. In Fig. 5 . the normal current was 0.6 A and the limited fault current was 7.7 A. In Fig. 6 . the normal current was 0.4 A and the limited current was 3.3 A. The measured peak value of the nonlimited (with no FCL) fault current was 63 A. 
DURATION TESTS OF THE HTS FCL
The long-term stability is the basic parameter of the device. To investigate the stability dependence on the number of activation of the FCL a computer control switching circuit was built. Several thousand switches can be realized by the circuit (see Fig. 7 .) and the possible change of the characteristics of the FCL can be registered. 
Fig. 7. Test scheme for the duration test
The FCL is connected in series with the synchronous machine through an autotransformer. The fault is generated by a switch, which short-circuits the load resistor. The limited steady state current shows a dependency on the activation number and on the current phase angle. The change of the limited current is between 5 and 9 % related to the limited current of the first activation. The average limited steady state current decreases as the activation number increases by about 9 %. No further change was observed after 3000 switches. Test results have shown that the change of the limited current was less than 10 %, which indicates the good quality of the HTS ring used in the FCL. Possible reason of the current decrease is the increase of the normal resistance of the HTS ring, which, in turn, leads to an increase of the FCL impedance in limitation mode. As a result, limitation becomes more effective as the activation number increases.
